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Abstract 

Detailed studies of the magnetoresistance of a-(ET)2KHg(SCN)4 and a- 
(ET)2TlHg(SCN)4 as a function of temperature, magnetic field strength, and 
field orientation are reported. Below 15 K, the temperature dependence of the 
magnetoresistance is metallic (dR/dT > 0) for magnetic field orientation cor- 
responding to an angular dependent magnetoresistance oscillation (AMRO) 
minimum and nonmetallic (dR/dT < 0) at all other field orientations. We find 
that this behavior can be explained in terms of semiclassical models without 
the use of a non-Fermi liquid description. The alternating temperature depen- 
dence (metallic/nonmetallic) with respect to field orientation is common to 
any system with either quasi-one or two-dimensional AMRO. Furthermore, we 
report a new metallic property of the high field and low temperature regime 
of o-(ET) 2 MHg(SCN) 4 (where M = K, Rb, or Tl) compounds. 
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I. INTRODUCTION 

Recently, non-Fermi liquid behavior has been proposed to describe transport proper- 
ties of the quasi-one- dimensional organic conductor (TMTSF^PFg. ]l|-[5[ This assignment 
is based on the temperature and angular dependence of the magnetoresistance in tilted 
magnetic fields. A characteristic signature of the angular dependent magnetoresistance of 
(TMTSF)2PFg is its oscillatory nature, where at "magic angles" the resistance exhibits 
sharp dips against a broad cos{6)"< background. Hf/J This feature is thought to arise from 
the warped open orbit Fermi surface sheets. As the field strength is increased along the 
second most conducting b axis, the effective electronic dimensionality is decreased. For 
temperatures below m 20 K this reduction in dimensionality leads to a decoupling of the 
layers (or a loss of phase coherence for electronic states between planes), i.e. non- Fermi 
liquid behavior and a nonmetallic (dR/dT < 0) temperature dependence. ||[5| Below 8 K, 
for fields orientations generating dips in the magnetoresistance, a metallic (dR/dT > 0) tem- 
perature dependence is recovered. Away from the magic angles the temperature dependence 
changes slightly, however it remains non- metallic (dR/dT < 0). This metallic/nonmetallic 
behavior is explained in terms of a restoration of the interplane coupling at the magic angles 
and a second decoupling at all other orientations due to fields along the c axis. HH 

Similar to (TMTSF) 2 PF 6 , the material a-(ET) 2 KHg(SCN) 4 displays angular dependent 
magnetoresistance oscillations (AMRO) and metallic/non-metallic temperature dependence 
of the magnetoresistance. Does this indicate that a-(ET) 2 KHg(SCN) 4 experiences non- 
Fermi liquid transport? If not, what is the relationship between the temperature dependence 
and AMRO? 

At room temperature, a-(ET)2MHg(SCN)4, where M = K, Tl, or Rb has a Fermi surface 
defined by the coexistence of a quasi-two-dimensional cylinder and quasi-one-dimensional 
sheets. By decreasing the temperature, a Fermi surface reconstruction occurs at T DW 
(where Tbw = 8 K, 10 K, or 12 K, for M = K, Tl, or Rb respectively) and a new electronic 
ground state develops. |TD[ The true nature of the low temperature ground state is a subject 



of contemporary debate, however approaches assuming a charge density wave framework 



appear very promising. [jTl]-|14|| Figure 1 is a schematic B — T phase diagram for the a- 
(ET) 2 KHg(SCN) 4 compound. 0,0] For the field perpendicular to the most conducting 
plane, the electronic structure can be separated into three regimes; the normal state, density 
wave one (DWI), and density wave two (DWII). Evidence of a third phase has been observed 
for field orientations near the most conducting plane. |TJ| The electronic structure of this 



new phase appears to be very similar to that of DWI. To simplify the following arguments it 
will not be examined in this work. Each electronic regime of a-(ET) 2 KHg(SCN) 4 has its own 
characteristic dependence of the magnetoresistance with respect to field orientation, which 
is indicated in Fig. 1 as either quasi-one or quasi-two-dimensional. At low temperatures, 
a characteristic "one-dimensional" angular dependent magnetoresistance is observed, with 



dips against a broad cos{6) 1 background similar to (TMTSF) 2 PF 6 . |T6|-pO| On the other 



hand, at high temperature and fields a characteristic "two-dimensional" angular dependent 



magnetoresistance, with peaks periodic in tan(#)is observed. fliO| , |2TH A similar B — T phase 
diagram is found in the M = Tl and Rb compounds as well. 

In this work, we examine the temperature dependence of the magnetoresistance of a- 
(ET) 2 KHg(SCN) 4 and a-(ET) 2 TlHg(SCN) 4 as a function of field orientation. Although the 
compounds are characterized by a complex ground state which is field and temperature 
dependent, we find that many aspects of a standard, semi-classical Boltzmann treatment 
provide a good account of the data without invoking unconventional transport mechanism. 
From the temperature dependence of the magnetoresistance, two features are evident. The 
first feature is common to these materials and to any system exhibiting angular dependent 
magnetoresistance oscillations (AMRO). By applying a magnetic field, a nonmetallic behav- 
ior results in the temperature dependence of the magnetoresistance at low temperatures (this 
behavior is not indicative of a phase transition or non- Fermi liquid behavior). Based on the 
specific electron trajectories along the warped Fermi surface, there is an effective reduction 
of the electronic dimensionality. The angular dependence of the electronic dimensionality is 
reflected in the field and temperature dependence of the magnetoresistance. By changing the 
field orientation, the temperature dependence of the magnetoresistance oscillates between 



that of metallic (dR/dT > 0) at AMRO minima and nonmetallic (dR/dT < 0) at AMRO 
maxima. Because AMRO effects only appear at temperatures below « 15 K, we will re- 
strict the temperature range to 25 K and below. The second feature is an angular dependent 
metallic behavior observed in a-(ET) 2 KHg(SCN) 4 and a-(ET) 2 TlHg(SCN) 4 inside of DWII. 
II. REVIEW OF SEMICLASSICAL FORMALISM 

For a general anisotropic metal, Fermi liquid theory predicts the phonon scattering rate, 
1/t p , to be proportional to T 2 /t±, where t± is the transfer integral in transverse direction. 
The electron-electron scattering rates change with dimensionality. For three dimensions 1/t u 
is expected to be proportional T 2 /Ep, for two dimensions proportional to (T 2 / ' Ep)ln{Ep /T) 
and for one dimension proportional to T 2 /tb, with Ep being the Fermi energy. |23| Although 
exact details of the Fermi surface and scattering mechanism (Umklapp, phonon, or de- 
fect)in a-(ET) 2 KHg(SCN) 4 is debatable, we can approximate r based on the temperature 
dependence of the resistance, where o~zz oc constant x r. At zero fields, the resistance of a- 
(ET) 2 MHg(SCN) 4 exhibits a metallic behavior at low temperatures (see Fig. 2). Inside the 
normal metallic state, the resistance is proportional to the temperature, R(T) = A\ + A 2 T, 
where A4 are constants. Inside of DWl,R(T) = A^+A^T+A^T 2 . Note the similarity between 
R(T) in DWI and in (TMTSF) 2 PF 6 (R(T) oc T 2 ). f2§ By solving the semiclassical Boltz- 
mann transport equation [p4| |, for the specific energy dispersion relation, the observed AMRO 
features are reproduced for both quasi-one and two-dimensional systems. |l6| , p!7| , ^5H 3l|] From 
the calculated conductivity, the temperature dependence can be predicted at specific field 
orientations and can be summarized as following. 

Quasi-one-dimensional The assumed quasi-one-dimensional energy band dispersion 
for a pair of warped Fermi sheets is Ek = hvp(\k x \ — hp) — (Em,m[Cr cos (Rmti • ky) + 
t^sm(R mn • k||)], where t m ^ n is the transfer integral associated with the oblique lattice 



vector R mn = (0, mb + nd, nc) and describes the warping topology. The conductivity for 
field rotations in the plane of the Fermi sheets as generated by the semiclassical Boltzmann 
equation can be written as [E5J: 
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where N(ef) is the density of states at the Fermi level per unit volume, r is the scattering 
time, G mtn = cB ((mb +nd)cos9 — ncsinO) / h , B is the magnetic field, e is the electron charge, 
and vp is the Fermi velocity. The G m ri term contains the field dependence of o zz . 

Although no semiclassical prediction for the temperature dependence of the magnetore- 
sistance in a quasi-one-dimensional case has been made, it is easily derived. When the 
field orientation is aligned at AMRO minima, G mtn , vanishes and the conductivity is simply 
<y zz = constant x r = constant' x a zz (B = 0), resulting in a temperature dependence of 
the resistivity being metallic(dR/dT > 0). On the other hand, at AMRO maxima, G m>n 
dominates and the conductivity can be written as a zz = 1/ ' {G. m . ri up) 2 T. The resulting 
temperature dependence of the resistivity at AMRO maximum is proportional to r and is 
nonmetallic(dR/dT < 0). From the zero field data we know that in the DWI state that 1/r 
is proportional to R(T), we can easily predict the temperature dependence of the resistivity; 
at AMRO maxima R(T) oc l/(aiT + a 2 T 2 ), and at AMRO minima R(T) oc a 3 T + a 4 T 2 , 
where Oj are constants. Furthermore, G m , n has a linear field dependence. As the magnetic 
field strength increases, the resistance at AMRO maxima will increase, whereas the magne- 
toresistance at the AMRO minima will be almost field independent. Thus by increasing the 
field strength the metallic/non- metallic behavior becomes more pronounced. 

Quasi-two-dimensional The assumed quasi-two-dimensional energy band dispersion 
for a corrugated Fermi cylinder is Ek=h 2 {k 2 x + k 2 )/2m* — 2t z cos(ck z ). Here k x and k y are the 
components of the wave vector k in the conducting-plane, c is the inter-plane distance, k z is 
the wave vector component normal to the planes, and m* is the effective cyclotron mass in the 
conducting plane. The interlayer transfer integral t z is small compared to the Fermi energy 
such that Ep/t z ^> 1, generating a slightly warped cylindrical Fermi surface. By solving the 
Boltzmann equation, the conductivity (or resistivity) along the least conductive axis can 
now be calculated. When the field is sufficiently high or the temperature is sufficiently low, 
uj Tcos{6 max ) » 1 , where uj is the cyclotron frequency, eB/m*, then at AMRO maximum 
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the normalized resistivity can be written as [29|: 



PzziQAMROmax) 7<W ) 2 sin(26 ' AM ROmax) 



(2) 



Pzz (B = 0) 7T 

The resulting temperature dependence of the resistivity at AMRO maximum is proportional 
to r and is nonmetallic (dR/dT < 0). 

At the AMRO minimum, the normalized resistivity can be written as p9 : 

where n is an integer. The temperature dependence of the resistivity at AMRO minima is 
proportional to 1/r and metallic(dR/dT > 0). The temperature dependence has approxi- 
mately the same behavior as in the quasi-one-dimensional case, however in this case 1/r is 
proportional to T instead of T + T 2 . 

The above discussion is also understandable in a rather intuitive way. By changing the 
field orientation, the electron trajectories along the warped Fermi surface also change. For 
specific field orientations the velocity is more effectively averaged to zero and transport 
is reduced. For the Fermi cylinder, the velocity vector along the cylinder axis goes to 
zero when all closed orbits share the same area. For the Fermi sheets, the velocity vector 
is reduced when the electrons are not traveling along the axis of corrugation. Thus, the 
effective dimensionality oscillates with field orientation. At AMRO maximum the system 
has reduced dimensionality and at AMRO minimum the dimensionality is restored. 

III. EXPERIMENT 

Single crystals of a-(ET) 2 MHg(SCN) 4 , where M = K or Tl, were grown using conven- 
tional electrocrystallization techniques. Jl(J Systematic measurements of the temperature 
dependence of the magnetoresistance from 30 K to 1.5 K at various field orientations and 
strengths were performed in the 33 tesla resistive magnet at NHMFL, Tallahassee. The 
magnetoresistance was measured using standard four terminal AC techniques with 12 /zm 
gold wires attached via graphite paste. The current was applied along the least conducting 
b* axis. Typical contact resistance was below 10 Q. Samples were rotated in magnetic 

6 



field with 9 being denned as the angle between the b* axis and field. The field projection 
angle (0) with respect to the a — c plane was determined via polarized infrared reflectance. 
The magnetic field was oriented « 8° from the c axis in the M = K sample and ~ 30° from 
c axis in the M = Tl sample. 
IV. RESULTS 

A. Temperature dependence in DWI 

AT 14 T the electronic state is well inside DWI. Typical AMRO for this regime is shown 
in Fig. 3(a). The oscillations are characterized by minimum periodic in tan(#) and a maxi- 



mum when the field is near the b* axis. fl6H20l The background magnetoresistance can be 
fit to cos(6 1 ) 7 , where 7 varies from 0.6 to 1.6 based on sample quality and field strength. 
The AMRO is very similar to that observed in (TMTSF) 2 PF 6 where the background mag- 
netoresistance can be fit to cos(#) 7 , where 7~ 0.5, [0] however the dips in (TMTSF) 2 PF 6 are 
not as deep as in a-(ET)2MHg(SCN)4. The temperature dependence of the magnetoresis- 
tance for different field orientations for a-(ET) 2 KHg(SCN)4 are shown in Fig. 3(b). When 
the field direction corresponds to an AMRO minimum, the sample resistance is metallic 
(dR/dT > 0) (see Fig. 3(b) curve D). Deviations from this orientation results in non- 
metallic (dR/dT < 0) behavior in the temperature dependence. This nonmetallic behavior 
becomes more pronounced as the field orientation approaches AMRO maxima (curves C, 
B, and then A). In some samples the nonmetallic behavior, occurring at AMRO maxima 
saturates at very low temperatures. This saturation of the magnetoresistance arises due to 
impurities or lattice defect scattering and indicates the limit at which the dimensionality 
can be reduced. 

Figure 4 is a plot of the temperature dependence of the magnetoresistance in a- 
(ET) 2 KHg(SCN) 4 at AMRO maximum and minimum (as indicated in Fig. 3) in a wide 
temperature range. The onset of DWI is very clear. The data is represented by open circles 
and the fits by solid lines. The fits are obtained from the semiclassical Boltzmann treat- 
ment described in the previous section and using the zero field temperature dependence 
to determine 1/r (AMRO minimum fit to A\ + A2T + A3T 2 and AMRO maximum fit to 



^4/(^5 + AqT + A 7 T 2 ), where Ai are constants). At field orientations corresponding to 
AMRO maximum, the sample resistance is proportional to a l/(a]T + a 2 T 2 ) dependence. 
At field orientations corresponding to AMRO minimum, the temperature dependence of the 
resistance is the same as that realized at zero fields and is proportional to the temperature, 
CI3T + a 2 T 4 , where (Xi 3X6 constants. 

Although the angular dependent magnetoresistance oscillations can be reproduced via 
semiclassical descriptions, there are still some complications to be addressed. It has been 
shown that the magnetoresistance violates Kohler's rule in DWI, thus indicating that semi- 
classical methods may not be valid. |32| It is likely that there are additional complications 
such as magnetic breakdown, electronic subphases, or mixed states inside of DWI. 

Another approach to explain AMRO in the DWI of a-(ET) 2 KHg(SCN)4 considers in- 
coherent transport. |33| Albeit this approach is not strictly semiclassical, it is included for 



completeness. In this model the reconstructed Fermi surface of DWI is not characterized by 
a quasi-one-dimensional but a quasi-two-dimensional topology. In fact, one of the proposed 
models for the reconstructed Fermi surface inside of DWI has the Fermi surface characterized 
by cylinders instead of sheets. The alternative model for the angular dependent magnetore- 
sistance can be summarized in the following way. When a magnetic field is applied to a 
density wave structure, a resulting periodic potential is created in the inter-plane direction. 
As the field direction is rotated, this periodicity changes. If the periodicity becomes com- 
mensurate with the interlayer spacing, the electron states are extended. This corresponds to 
AMRO minima. At the minima, the electronic system is metallic and the sample resistance 
should decrease with decreasing temperatures. When the inter-plane potential is not com- 
mensurate to the interlayer spacing the magnetoresistance increases. When the potential 
is exactly out of phase with the interlayer spacing the system now corresponds to AMRO 
maxima. In this orientation, the electron wave function begins to shrink and localize with 
increasing field or decreasing temperature, resulting in incoherent electron motion. In this 
field orientation, the sample resistance should increase with decreasing temperature. Unfor- 
tunately, no specific predictions for the functional form of the temperature dependence have 
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been made yet for this model. 

B. Temperature dependence in the normal metal state 

At 30 and 33 tesla, a-(ET)2MHg(SCN)4 is in the normal state except for angles 6 > 80° 
and for temperatures below « 3 K (inside DWII) . Figure 5 (left side) displays typical quasi- 
two-dimensional AMRO as observed in the normal metal state and DWII. The oscillations 
are characterized by maxima periodic in tan(#) with the first minimum occurring near 
6 = ± 6°. |34| We have measured the temperature dependence of R(T) at many field 



orientations. The solid arrows indicate field orientations (E, F, G, and H as shown in Fig. 
5 right side) where the temperature dependence of the magnetoresistance was measured. 
Unfortunately, Shubnikov-de Haas (SdH) oscillations dominate as the sample is rotated in 



high magnetic fields. [|35| The SdH oscillations are superimposed on top of the angular 
dependent magnetoresistance oscillations. If the field orientation corresponds to either SdH 
maximum or minimum, an additional term will appear in the temperature dependence of the 
magnetoresistance. Therefore field orientations corresponding to SdH minimum or maximum 
will be omitted in the following discussion by avoided angles near #=0°. 

Inside the normal state we find that when the field is aligned along AMRO minimum, 
the temperature dependence of the magnetoresistance is metallic(<iR/<iT > 0) (see right side 
Fig. 5 curve H). Deviations from field directions corresponding to precise minimum position 
results in a change of the temperature dependence (dR/dT < 0). This nonmetallic behavior 
is more pronounced near AMRO maximum (see right side Fig. 5 curves G, F, and then E). 
Although the AMRO has changed its form, the temperature dependence is very similar to 
Fig. 3 and 4. 

The temperature dependence of the magnetoresistance at the AMRO maximum and 
AMRO minimum is displayed in Fig. 6 (the field orientations are indicated in Fig. 5). 
The solid lines are fits (AMRO minimum fit to A{T + A 2 and AMRO maximum fit to 
Az/(A±r+A$T 2 ), where are constants). Like inside DWI the temperature dependence 
is described by semiclassical Boltzmann treatment. Deviations to the fit begin to occur at 
lowest temperatures as DWII and a new metallic behavior sets in (see Fig. 5 curve E). 



At first glance one might believe that the nonmetallic like behavior is resulting from a 
gap opening. Yet, the behavior of the temperature dependence can be explained in terms of 
semiclassical transport. At AMRO maximum, the system is more effectively two dimensional 
with increasing field strength or decreasing temperature. All quasi-two-dimensional systems 
exhibiting AMRO will experience nontrivial temperature dependence. 

C. Temperature dependence in DWII 

When the magnetic field orientation is close to AMRO maxima a new behavior is observed 
at high fields and low temperatures in the temperature dependence of the magnetoresistance. 
There is a transition from a non-metallic to a metallic behavior at a transition temperature 
Tm (see right side Fig. 5 curve E). This reentrant metallic behavior is a signature of the 
DWII regime. In one sample of a-(ET) 2 TlHg(SCN) 4 , T M was ~4K and could be observed 
at many angles, especially near AMRO maxima. Figure 6 shows the evolution of the slope 
and Tm with respect to 9 at 30 and 33 T. Once inside DWII, both the magnetoresistance 
and the magnetization drop abruptly, however, the mechanism responsible for the behav- 
ior is questionable. [T^JS^] From AMRO and Shubnikov-de Haas measurements, the Fermi 
cylinders of the normal state are clearly observed within DWII, ]2T| suggesting that the 
Fermi surface is very similar to that of the normal state. The replacement of the nonmetal- 
lic behavior by the metallic one indicates the existence of a new unidentified property of 
DWII, and may be related to the appearance of large eddy currents observed in previous 



experiments within the DWII regime. [3^-|39| 



If we assume the electronic conduction in DWII is due to the normal state plus that 
of another highly conductive transport channel, we are able to fit the measured data. Two 
contributions, one due to the original Fermi surface (an angular dependent term oc 1/T) and 
the other due to the new metallic term (an angular independent term oc T), are added in 
parallel. The fits are shown in Fig 6(b). This reproduces the observed behavior and describes 
the dependence of Tm on field orientation and strength. The slope of the temperature de- 
pendence of the magnetoresistance will also be greater at AMRO maximum. This is because 
there is a significant difference in the magnetoresistance between the AMRO maximum and 
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minimum (see left side Fig. 5). The origin of this new metallic term is not clear. A possible 
explanation is a transfer of carriers from the original quasi-two dimensional Fermi surfaces 
to another conduction channel. By removing carriers from the cylinders, yet retaining them 
on some other Fermi surface, there is an increase of dimensionality and conductivity. Could 
it indicate the existence of highly conductive edge states or the emergence of a new Fermi 
surface? With the onset of DWII, the Fermi surface reconstructs and the effects of the orig- 
inal Fermi surface are being suppressed (including the nonmetallic behavior). At high fields 
or specific field orientations, the nesting condition may improve such that more carriers are 
transferred from the original Fermi surface. Further investigations of this unusual phase are 
required. 

V. SUMMARY 

We have investigated the effects of field strength and orientation on the temperature 
dependence of the magnetoresistance in samples of a-(ET)2MHg(SCN)4 (M = K or Tl). At 
angular dependent magnetoresistance oscillation (AMRO) minima the temperature depen- 
dence is metallic and at AMRO maxima the magnetoresistance shows nonmetallic temper- 
ature dependence. When the magnetic field is oriented along AMRO maxima, the effective 
electronic dimensionality decreases with decreasing temperature and increasing field. We 
show that non-Fermi liquid transport is not necessary to generate an angular dependent 
temperature dependence. This behavior can be explained in terms of semiclassical electron 
transport and the Boltzmann equation. Although the scattering rates for every system will 
be different based on details of the Fermi surface and what not, the metallic/no nmetallic 
temperature dependence of the magnetoresistance should be common to any low dimensional 
system with AMRO. 

The temperature dependence of the magnetoresistance at different fields (for fixed angle) 
reported by Ref. JTSJ and Ref. JE2J on a-(ET) 2 KHg(SCN) 4 can also be explained in terms 



of semiclassical theory. In the first reference the field is oriented at an AMRO minimum in 
DWI and an AMRO maximum in the normal state (see Fig. 1 Ref. |T5|]). The temperature 
dependence of the magnetoresistance is non-metallic in the normal state, and metallic in 
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DWI and DWII. In the second reference, Ref. [[L2| the field is oriented near #=0° or at an 
AMRO maximum in DWI and at an AMRO minimum in the normal state. The temperature 
dependence of the magnetoresistance is metallic in DWII, however there is a nonmetallic 
behavior in DWI and the normal state. Albeit the effect is less pronounced in later measure- 
ments by the same author, the nonmetallic behavior in the normal state is reproduced(at 
the same field orientation). It is not known if this is an effect particular to 9 rs 0° or not. 
The field orientation may not have been along the precise AMRO minimum. If the sample is 
slightly misalign or the first AMRO minimum is not at 9= 0° (there is a range of ± 6° based 
on the (f) field orientation in the conducting plane), the sudden rise before DWII state would 
correspond to the non-metallic behavior observed when away from precise AMRO minima. 

A quasi-one-dimensional organic charge transfer salt (TMTSF) 2 PF 6 exhibits a very sim- 
ilar temperature dependent magnetoresistance as that in the low temperature regime of 
a-(ET) 2 MHg(SCN) 4 . || The temperature dependence of (TMTSF) 2 PF 6 has been modeled 
extensively in terms of no n- Fermi liquid transport. It would be interesting to test semiclas- 
sical models on this temperature dependence to see if non-Fermi liquid behavior is required. 

To first order, the transport in all regimes of a-(ET) 2 MHg(SCN)4 can be understood in 
terms of semiclassical orbits(using both quasi-one and quasi-two-dimensional models). This 
semiclassical approach leads, naturally, to a nonmetallic behavior at all maxima in angular 
dependent magnetoresistance oscillations due to a reduction of the effective electronic di- 
mensionality with increasing magnetic field or decreasing temperature. Furthermore, a new 
metallic property of DWII is reported. The mechanism responsible for this metallic behavior 
is unknown and the nature of the DWII phase will be the subject of future investigations. 
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FIGURES 

FIG. 1. Schematic phase diagram and AMRO behavior in the M = K salt. The diamonds 
[12] and circles [11] indicate the transition into the low temperature ground state from trans- 
port measurements. The triangles signify the kink field, Bk and separate DWI from DWII. The 
light gray, and dark gray color corresponds respectively to regions of quasi-two-dimensional or 
quasi-one-dimensional. For the hysteretic regions near Bk the AMRO behavior is mixed. A simi- 
lar diagram is observed for the M = Rb and Tl compounds . 

FIG. 2. Temperature dependence of the resistance in a-(ET) 2 KHg(SCN) 4 at zero magnetic 
field. Inside the normal metal state, R{T) oc T. Inside DWI, R{T) oc aT + (3T 2 . 

FIG. 3. (a) AMRO in a-(ET) 2 KHg(SCN) 4 at 14 tesla and 2 K in DWI. (b) The temperature 
dependence for the field orientations marked by the arrows in (a). A metallic temperature de- 
pendence is observed when the field orientation corresponds to AMRO minima (curve D). On the 
other hand at AMRO maxima the behavior is nonmetallic (as seen in C, B, and A). 

FIG. 4. Temperature dependence of the magnetoresistance in DWI at 14 tesla. At AMRO max- 
ima the temperature dependence can be approximated to be proportional to r. At AMRO minima 
the temperature dependence is approximated to be proportional to 1/r and T. R(T) at the AMRO 
minimum is fit to A x + A 2 T + A 3 T 2 and at AMRO maximum it is fit to A 4 /(A 5 + A 6 T + A 7 T 2 ), 
where Ai, A 2 , A3, A4, A$, Aq, and Aj are constants. 

FIG. 5. AMRO in a-(ET) 2 KHg(SCN) 4 at 30 tesla and 0.5 K corresponding to the normal 
state and DWII (Left side). Temperature dependence of a-(ET) 2 KHg(SCN)4 magnetoresistance 
at various field positions as marked by arrows on the left side (Right side). A metallic temperature 
dependence is observed at AMRO minima (curve H) and a nonmetallic dependence at all other 
positions (curve G, F, and E). A reentrant metallic behavior is evident for positions corresponding 
to AMRO maxima below 3 K (inside DWII) (curve A). 



16 



FIG. 6. Temperature dependence of the magnetoresistance at 33 tesla. Anisotropic temperature 
dependence develops along with the AMRO. At AMRO maxima the temperature dependence is 
inversely proportional to T. The fit in the figure is R{T)=A\/ r T + A2, where A\ and A2 are 
constants. At lowest temperatures the resistance starts to saturate and the fit fails. At AMRO 
minima the temperature dependence is proportional to T. The fit in the figure is R{T)=A^T + 
A4, where A3 and A4 are constants. 

FIG. 7. Temperature dependence of a-(ET)2TlHg(SCN)4 in DWII near field orientations corre- 
sponding to AMRO maxima, reentrant metallic behavior is observed. Arrows mark the transition 
temperature Tm into this new metallic behavior. Both the slope of the temperature dependence 
and the value of Tm change with respect to field strength and orientation, a) 30 tesla data and b) 
32.5 tesla data reveals the behavior clearly. The dashed lines are fits by assuming the conductivity 
is the sum of the R(T,9) of the normal state plus a new angular independent metallic term (see 
text). 
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